VLBI is the only technology that will allow sub-milliarcsecond resolution imaging in the near future. As such, it is the only way to image expanding supernovae in nearby galaxies. Such images potentially allow us to study the early evolution of neutron stars or black holes left behind by core-collapse supernovae, the circumstellar wind history of the supernova progenitor stars, the shock acceleration of cosmic-ray particles in supernovae as well as the evolutionary process by which supernova shells merge into, and enrich, the ISM. I will discuss the results of the ongoing VLBI imaging campaigns on supernova 1986J and 1993J. I will also discuss the impact on supernova VLBI of the proposed South-African Karoo Array Telescope and Australian ASKAP arrays, as well as the SKA itself, as these telescopes will greatly increase the sensitivity of the global VLBI network.
Introduction
Although there are many supernova remnants in our Galaxy, studying the actual supernova events is difficult because the Galactic supernova rate is only on the order of one per century, with the last Galactic supernova occurring ∼300 yr ago. Many more supernovae can be observed in external galaxies, however, resolving them in the first few decades of their lives requires milliarcsecond resolution. Very-long-baseline interferometry (VLBI) is the only technology that will allow sub-milliarcsec resolution imaging in the near future (note that the diffraction limit of a 30 m optical telescope is ∼8 milliarcsec at 10,000 Å).
As the supernova ejecta plough out through the circumstellar medium (CSM), a forward shock is driven into the CSM and a reverse shock is driven into the ejecta. These shocks, and associated instabilities, can both amplify the magnetic field and accelerate particles to relativistic energies, resulting in synchrotron radio emission. Only supernovae with relatively dense CSM produce radio emission detectable with current technology, and so far, only core-collapse supernovae, that is, types Ib/c and II, have been studied with VLBI.
For the sample of supernovae which can be imaged with VLBI, the rewards are rich. VLBI allows us to study in detail the interaction of the expanding ejecta with the CSM, which is in most cases, the stellar wind from the supernova progenitor. Over just a few years, the supernova shock allows us to probe the last ∼10,000 yrs of wind history of the progenitor. VLBI imaging also allows us to study the evolution of the supernova shell, the shock acceleration process, and the possible emergence of a black hole or a neutron star. VLBI studies of supernovae are also an important tool for measuring the supernova rate, and thus the star formation rate, in star-forming regions, which are typically highly obscured in the optical.
Global VLBI at cm wavelengths can resolve young supernova shells out to distances of 10 -20 Mpc. However, only a fraction of all core-collapse supernovae are radio bright, and so far, only two have been sufficiently close and radio bright to allow well resolved VLBI images since shortly after the supernova explosion: SN 1986J (NGC 891, ∼10 Mpc) and SN 1993J (M81, ∼4 Mpc), although several older supernovae in M82 also have well-resolved VLBI images (e.g., 1).
I will discuss some of the current results from VLBI observations of supernovae in the next few sections, and then proceed to elaborate on the prospects of radio supernova imaging with the SKA demonstrators and the SKA itself.
SN 1993J
The best studied radio supernova is SN 1993J. It was one of the brightest radio supernovae, and high-quality radio light-curves were obtained over a wide range of frequency (e.g., 2; 3). The VLBI images showed a remarkably symmetrical shell morphology (e.g., 4; 5). The angular expansion velocity could be accurately measured, and it is the first supernova for which a changing deceleration rate could be measured (e.g., 2; 6). Accurate astrometry has shown that the expansion of the shell is very symmetrical about the explosion center (7; 8). We show a high-resolution image of SN 1993J, accompanied by an animation showing its expansion over a decade of VLBI imaging, in Figure 1 . By combining the angular expansion velocity measured with VLBI with the radial expansion velocities determined from optical spectra, a direct distance to M81 of 3.96 ± 0.29 Mpc could be determined (9).
SN 1986J
Supernova 1986J was first discovered in the radio, a few years after the explosion. An early VLBI image of it marked the first time shell-like structure was seen in an IAU-designated supernova (10) . Until 1999, SN 1986J had a power-law radio spectrum (S ν ∝ ν α where α ∼ −0.6) similar to that of most radio supernovae. After 1999, however, an inversion appeared in the spectrum. Multifrequency VLBI imaging showed that this inversion was associated with a new component almost precisely in the center of the shell (11) . The new component is likely radio emission associated with the black-hole or neutron-star compact remnant of the explosion, which has not been seen in any other modern supernova. We show a two-frequency image of SN 1986J, accompanied by an animation showing the evolution of the supernova from almost 20 years of VLBI imaging, in Figure 2 .
Other Radio Supernovae and Supernovae in Star-Forming Galaxies
A number of other individual radio supernovae have been imaged with VLBI: there is a series of VLBI observations of SN 1979C (e.g., 12), and a handful of others including SN 2001em (e.g., 13; 14; 15, the last being the first e-VLBI experiment on a supernova), SN 2001gd (16) and SN 2004et (17) .
Wide-field VLBI images of star-forming galaxies have yielded fruitful results. Wide-field VLBI observations of the nearby starburst M82 have shown a number of supernova and supernova remnants (e.g., 1). The extreme starburst galaxy Arp 220 has been imaged with VLBI for over a decade, and the rate of new radio supernovae is 4 ± 2 yr −1 (18; 19) . Radio observations of the starburst galaxy Arp 229 show that the radio of radio supernovae must be about 1 per year (20).
Supernova VLBI with the SKA Demonstrators
Supernova VLBI is limited both by the available resolution and sensitivity. Although the SKA demonstrators and the SKA itself will not allow an increase in resolution, they will greatly increase the sensitivity as well as the u-v coverage of the global VLBI array, particularly in the southern hemisphere, where the network of telescopes is notably less dense than in the northern hemisphere. Presently, only the radio-brightest supernovae can be imaged: in the last 30 years, only ∼10% of the observed core-collapse supernovae have been bright enough for a radio lightcurve to be determined. The increased sensitivity available, especially once the SKA is operational, will also allow us detect far more supernovae and also to follow individual supernovae for much longer. It will allow us to resolve older and more distant supernovae, for example Cas A would have a 1-GHz flux density of 1 µJy and a size of 6 milliarcsec at a distance of 170 Mpc. We will be able to obtain a census of supernova remnants of nearby galaxies, and much more routinely monitor galaxies for the appearance of new radio supernova, which will do much to constrain supernova and star formation rates.
